The (0,0) vibronic band of NiCl system G with a bandhead near 12 961 cm −1 was recorded at high resolution in absorption using intracavity laser spectroscopy (ILS). For the ILS absorption spectra, the NiCl molecules were produced in a nickel hollow cathode, operated with a small amount of CCl 4 , and line positions were referenced to iodine spectra. Fourier transform (FT) emission spectroscopy was used to record an extensive region of the spectrum used in a vibronic analysis of system G. For the FT spectra, excited NiCl molecules were produced in a high-temperature King-type carbon tube furnace. We show that this transition is the (0,0) vibronic band associated with a newly identified 
INTRODUCTION
The electronic structure of NiCl has received much attention recently, with various groups working on the pure rotational spectrum of the low-lying electronic states, the visible electronic transitions, and the near-infrared electronic transitions. The ground state electronic configuration of Ni + (3d 9 )Cl − (3 p 6 ) gives rise to three low-lying electronic states: X 2 , A 2 , and B 2 + (e.g., see [1] [2] [3] . Excitation of one of the various nickel 3d electrons to an unoccupied nickel 4s or 4 p orbital leads to numerous electronic transitions throughout the near-infrared and visible regions of the spectrum (1-5, and references contained in 6).
In the microwave region, the pure rotational spectra of the X 2 3/2 states of all four major NiCl isotopomers were observed by Yamazaki et al. (7) in the region J = 16.5 to 37.5. Rotational transitions for the A 2 5/2 state also have been observed (8) . The Pinchemel and Bernath groups (1) (2) (3) , the last possibly a quartet state) and identified several excited electronic states in the region 20 000-26 000 cm −1 . The pattern of low-lying states is in reasonable agreement with the known low-lying states of the isovalent molecule NiF (9-13).
The electronic transitions of NiCl occurring in the red and near-infrared region (6350-8750Å) have been interpreted as consisting of many discrete band systems classified originally as system F through system J (14) . Our previous work on NiCl system H (4) identified that transition as 2 + -X 
EXPERIMENTAL DETAILS
The spectrum of NiCl system G with a bandhead near 12 961 cm −1 was acquired in two ways. First, molecular emission from a carbon-type King furnace loaded with NiCl 2 was observed at medium resolution (0.04 cm −1 ) using the Kitt Peak Fourier transform spectrometer. Approximately 25 g of anhydrous NiCl 2 was loaded into a King furnace and heated to 1500 C. A spectral region of 5000-20 000 cm −1 was recorded using either a CaF 2 or a UV quartz beamsplitter and either InSb or silicon diode detectors. The high temperature (∼1500 C) and high pressures (300-500 Torr) employed in these experiments result in a measured linewidth of approximately 0.1 cm
FWHM. Many of the known visible and near-infrared NiCl systems were observed in the spectrum (4) (5) (6) . This hightemperature spectrum was used in the vibronic analysis of NiCl system G. The second method of recording the NiCl system G spectrum entailed measurement of the molecular absorption spectrum at Doppler-limited resolution using the intracavity laser spectroscopy technique: an Ar plasma discharge is formed in a 2-inch-long nickel hollow cathode that is located in the resonator cavity of a Ti:sapphire laser, the NiCl species are created from sputtered nickel, and a tiny amount of CCl 4 mixed with the Ar flow through the cathode and the laser beam passes through the hollow cathode orifice. The spectrometer and method of data analysis are fully described in O'Brien et al. (15, 16) and Kalmar and O'Brien (17) and a description of the apparatus used to generate the gaseous NiCl is provided in O'Brien et al. (4) . The water-cooled hollow cathode used to produce NiCl is powered by an ENI DCG-100 DC plasma generator which is operated (250 to 500 V, up to 1.4 A) only for a short period of time initiated just before spectral data accumulation is started. Immediately following spectral acquisition with the plasma operating, a background spectrum is obtained using identical conditions except that the voltage is switched off and the current is 0.0 A. Division of the two dark-current-corrected spectra yields the spectrum of the plasma species.
Spectra are recorded as a series of overlapping, ∼6.4 cm
wide, spectral segments for the region 12 865-12 964 cm −1 . Calibration is accomplished by measuring alternatively the spectrum of the intracavity plasma species and an I 2 absorption spectrum (e.g., see Fig. 1 ) recorded from an extracavity cell. The ILS spectral output serves as the broadband spectral source for recording the I 2 spectrum which is obtained by dividing the spectrum obtained with I 2 present in the external cell with that obtained with I 2 absent from the cell. The widely used "Iodine Atlas" (18) is used as reference. To correct for small changes in the dispersion (∼1.6%) of the spectrum across the diode array, spectra recorded from a 14.7-mm-thickétalon provide a source of equally spaced fringes. Peak positions (absorption peaks and fringe positions) are determined from the zero crossingpoints of the first derivative spectra using Savitzky-Golay polynomial smoothing. The procedure enables isolated, unblended line positions to be determined to an accuracy of better than ±0.002 cm −1 . Spectra were not deconvolved for the instrument function of the spectrograph. A typical linewidth of an isolated line is 0.037 cm −1 FWHM. Whereas the FT spectra are hot and very congested, the ILS spectra are much less congested and this enables low-J transitions to be distinguished clearly; furthermore since the ILS spectra are viewed in real time, plasma conditions (voltage, current, pressure, mixing ratio) can be modified to enhance the selective formation of the measured lines. 
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FIG. 1.
A portion of the NiCl system G spectrum is presented in the upper panel. The corresponding iodine spectrum used for calibration is shown in the lower panel. Total pressure = 1.05 Torr. Assuming NiCl is observed only in the hollow cathode, the effective pathlength employed is 0.58 km.
RESULTS AND DISCUSSION
A vibronic analysis on system G was undertaken using the high-temperature FT spectrum recorded at Kitt Peak. Twelve vibronic bandheads associated with system G were observed and are listed in Table 1 . The bandhead of each vibronic band was used to determine the vibrational constants for the electronic states of system G, and these are given in Table 2 . The lower state vibrational frequency, ω e = 426.7 cm −1 , indicated that the lower state of system G was quite possibly the X The (0,0) vibronic band of system G was observed with rotational resolution using the intracavity laser absorption technique. As shown in Fig. 2 , the spectrum is degraded to the red with the R-bandhead occurring at relatively low J (J ∼ 10.5). An R-branch and a P-branch were identified in the spectrum. Each branch splits into two branches at higher J , although the observed splitting was always small, <1.0 cm −1 , as shown in Figs. 1 and 2 . These observations are consistent with an electronic transition of 2 3/2 -2 3/2 symmetry, where there are two strong R-branches, R ee and R ff , and two strong P-branches, P ee and P ff . The possible two Q-branches, Q ef and Q fe , are expected to be very weak and were not observed. Using the X (7)), precise ground state levels were calculated. Definitive rotational assignments for the P ee and R ee branches and the P ff and R ff branches were obtained, using the fact that each pair of branches has a common upper state (19) Table 3 . The average uncertainty of the individual rotational lines as determined from the standard deviation of the fit is 0.006 cm −1 . The observed rotational lines, assignments, and fit residuals are presented in Table 4 . 10 ) ligand is not directly participating in covalent bonding and the electronic excitation is metal-centered, we predict that the NiCl, NiBr, and NiI molecules will display very similar electronic spectra. We believe our [13. 
